New (bio)degradable environmentally friendly film-forming ionomeric polyurethanes (IPU) based on renewable biotechnological polysaccharide xanthan (Xa) have been obtained. The influence of the component composition on the colloidal-chemical and physic-mechanical properties of IPU/Xa and based films, as well as the change of their properties under the influence of environmental factors, have been studied. The results of IR-, PMS-, DMA-, and X-ray scattering study indicate that incorporation of Xa into the polyurethane chain initiates the formation of a new polymer structure different from the structure of the pure IPU (matrix): an amorphous polymer-polymer microdomain has occurred as a result of the chemical interaction of Xa and IPU. It predetermines the degradation of the IPU/Xa films as a whole, unlike the mixed polymer systems, and plays a key role in the improvement of material performance. The results of acid, alkaline hydrolysis, and incubation into the soil indicate the increase of the intensity of degradation processes occurring in the IPU/Xa in comparison with the pure IPU. It has been shown that the introduction of Xa not only imparts the biodegradability property to polyurethane, but also improves the mechanical properties.
Introduction
Problem of environmental pollution with polymeric waste has shown a clear need for ecologically friendly materials based on renewable resources: vegetable oils and natural polymers, in particular, polysaccharides, which results in the development of a new trend in polymer chemistry, creation of sustainable biodegradable polymers having a wide range of applications [1] [2] [3] [4] . Several methods of incorporating polysaccharides into the polyurethanes are discussed depending on the desired final properties of the polyurethane [5] . Due to the success of biotechnologies, a particular attention in modern chemistry of biodegradable polymers is paid to microbial polysaccharides (exopolysaccharides), which are climate and season independent. One of the leading places in this line belongs to xanthan, an extracellular polysaccharide of the bacteria Xanthomonas campestris. Xanthan molecules are prone to the self-association in aqueous solutions; a rise of solution ionic strength or polysaccharide concentration results in gel formation [6, 7] . Xanthan provides the synthetic polymers, in particular, polyurethanes, with ability to degrade under the influence of natural factors. It was shown that the chemical bond between synthetic and natural components played a crucial role in giving to the synthetic polymer biodegradability, opposed to mechanical mixtures, where only the natural component decomposed with time [8, 9] . Aqueous film-forming polyurethane dispersions have found diverse applications as finishing, impregnating, stiffener, protective materials, and adhesives in leather, textile, and furniture industry [10, 11] . The synthesis and characterization of novel aqueous polyurethane dispersions derived from plant oil and starch with the use of dimethylolpropionic acid as internal emulsifier which allows us to incorporate hydrophilic groups into the polymer chain and achieve stable selfemulsifying dispersions are discussed in [12] [13] [14] . It should be noted that the synthesis of degradable polyurethanes based on renewable feedstock is one of developing branches of green polyurethane chemistry. Such materials may be used as packaging, finishing, impregnating, stiffener, protective materials, and adhesives in leather, textile, and furniture industry, biologically active substances in agriculture. A distinctive feature of degradable polymers is to preserve 2 International Journal of Polymer Science the necessary operational parameters during the time of their use in combination with accelerated degradation under the influence of various natural factors after the expiration. Microorganisms are the main biological systems which destroy the polymeric compounds. The ability of polymers to degrade and be assimilated by microorganisms depends on a number of their characteristics: the chemical structure of the polymer, molecular weight, branching of macrochain, and supramolecular structure [15] . The aim of the latest developments in the field of degradable polymers is to establish the common principles in selecting the components for synthesis of polymer which combine a high level of performance with the (bio)degradation ability and knack of adjusting the (bio)degradation processes to ensure fast and safe (bio)degradation of polymer materials at the expiration of their working time. The paper considers the synthesis and complex study of "composition, structure, properties, and (bio)degradation ability" relationship of structurally modified polymeric materials based on polyurethane ionomer and microbial exopolysaccharide xanthan.
Experimental

Materials.
Hexamethylene diisocyanate (HMDI) (Merck), polyoxytetramethylene glycol (POTMG 1000), dimethylolpropionic acid (DMPA), triethylamine (TEA), and Xa in the form of powder (Brookfield viscosity of 1% solution, according to Certificate of analysis, amounts 959 cps) were purchased from Aldrich and used as received; acetone was purchased from Fluka.
Preparation of Xanthan Containing
Ionomer Polyurethane. Xanthan containing ionomer polyurethanes (IPU/Xa) in the form of aqueous dispersions was prepared by the reaction of an isocyanate precursor based on POTMG and HMDI with DMPA as ion centers carrier, taken in a molar ratio of 1 : 2 : 0.6. The reaction time for the isocyanate precursor formation was 2 h at 80 ∘ C until the NCO content reached the theoretical value to produce NCO-terminated prepolymer. The content of NCO groups was controlled according to [16] . Then, DMPA was added and reacted with prepolymer at 80 ∘ C for 1 h. Suitable amount of acetone was added to the system to decrease the viscosity of reaction mixture. Xa (C 35 H 49 O 29 ) , was added to the reaction mixture in a form of dry powder (the reaction time was 1 h at 56 ∘ C). Neutralization of the DMPA fragments' carboxyl groups of obtained IPU/Xa hard block was performed with TEA (the molar ratio of TEA : DMPA = 1 : 1). Next, a simultaneous elongation and water dispersion were carried out, followed by removal of acetone. Film-forming opalescent dispersions were then obtained by phase inversion. Polymer films were formed at room temperature on a Teflon disk, followed by drying in an oven at 65 ∘ C and in a vacuum oven at 55 ∘ C to constant weight. IPU/Xa systems with different Xa weight concentrations, 5%, 10%, and 30% (IPU/5Xa, IPU/10Xa IPU/30Xa), were prepared. IPU matrix was synthesized similar to IPU/Xa (using water as chain extender, without addition of Xa) and has been selected as an object of comparison.
Characterization
pH Values
. pH values were determined using pH-meter "pH-150 M" (Russia).
Particle Size.
Particle size measurements were determined from the turbidity spectrum using FEK-56M, according to [17] .
Mechanical Properties.
Measurements were performed using a tensile testing machine FU-1000 (VEB MWK "Fritz Heckert," Germany) at a tensile speed of 100 mm/min and temperature 25 ∘ C. The number of samples used in each measurement was three. Samples were prepared in a form of strips (width: 4 mm, operating length: 2 mm). Measurements were carried out in accordance with standard 14236-81; allowed error is 3%.
Water Absorption.
Preliminary weighed dry films of IPU matrix, IPU/Xa, were immersed in water for 24 h, whereupon the excess water was removed with filter paper and samples were weighed. Water absorption ( H2O , wt.%) was calculated according to H2O 
and are weight of the films in a wet and dry state, correspondingly.
Degree of Hydrolysis in Acid and Alkali Medium.
Degree of hydrolysis in acid and alkali medium was determined by evaluation of the weight change and physic-mechanical characteristics of the samples after hydrolysis. Preweighed samples were immersed in 0.1 N solution of KOH and HCl and kept in a thermostat for 30 days at = 25 ∘ C; afterwards the films were dried to constant weight with following weight control and tensile test.
IR Measurements.
IR measurements were performed on Bruker "Tensor-37" Fourier transform infrared spectrometer in the region of wave numbers of 4500 cm −1 -500 cm −1 . Samples' surfaces were studied by attenuated total internal reflection infrared spectroscopy.
Thermodestruction of Xa-Containing IPU.
Thermodestruction of Xa-containing IPU was studied by pyrolytic mass spectrometry (PVS). A device consisting of a mass spectrometer MX-1321 for determination of the components of gas mixtures in the range of mass numbers of 1-4000 and of cells for linearly programmable pyrolysis in the temperature range 25-400 ∘ b was used. The sample was placed into the cell which was evacuated (1.33 ⋅ 10 −4 Pa) for 30 minutes at 25 ∘ C. The same pressure was maintained during the experiment. The heating rate was (6 ± 1) ∘ b/min. The accuracy of determining the temperature of the sample was ±1 ∘ C. The ionization energy in the chamber of the mass spectrometer was 70 eV.
The X-Ray Diffraction Patterns.
The wide-angle X-ray diffraction patterns (WAXS) were recorded with X-ray diffractometer DRON-4-07 with roentgen schema made according to Debye-Scherrer method (transmission). Supramolecular structure was studied by small-angle X-ray diffraction (SAXS), using small-angle camera KRM-1 with flat-filled collimator, made according to Kratky method. All X-ray measurements were carried out in CuK radiation, monochromatic with Ni-filter at = 22 ± 2 ∘ C.
Dynamic Mechanical Analysis (DMA).
Dynamic mechanical measurements were carried out on a dynamic mechanical analyzer Q 800, TA Instruments in the tension mode at frequency of 10 Hz and heating rate of 2.0 ∘ b/min. The samples for DMA study were cut from the polymer films and had the following dimensions: length: 12.75 mm, width: 4 mm, and thickness: 0.3 mm. The viscoelastic properties, that is, mechanical loss factor (tan ) and storage modulus ( ), were recorded as function of temperature. The glass transition temperature ( ) was determined by the position of the loss factor maximum.
Results and Discussion
Colloid-Chemical Properties.
The composition, colloidchemical, and physic-mechanical properties of synthesized IPU/Xa dispersions and films are presented in Table 1 .
The average particle size reports the degree of physical interaction of the constituent macromolecules and the dispersion medium. The introduction of Xa results in increasing of av owing to growth of the specific content of threedimensional Xa fragments in macromolecules (as previously was shown using the small Xa concentrations [18] ), which, however, does not lead to a loss of dispersions' stability [19] . With increase of Xa content, the pH of dispersions is systematically reduced as a result of the presence in Xa of a large number of acid pyruvic cycles.
Water Absorption.
The degree of swelling of polymer components and their affinity to water is one of the indices of decomposition rate of polymeric materials under the influence of environmental factors. The investigation of the hydrolytic stability of IPU/Xa has shown the increase of the water absorption up to a maximum value of 405% at 30% Xa content. Such increase may be due to the presence of free polar fragments (carboxyl and OH groups), which determine the hydrophilic properties of the polymer. Probably, a part of Xa hydrophilic hydroxyls involved in the formation of intermolecular bonds with the polar groups of IPUs remains unengaged, following an increase of their concentration in the surface layers and contributing to the elevation of the hydrophilicity degree and, normally, to decreasing of contact angle values (Table 1) .
Physic-Mechanical Properties.
The tensile strength of IPU/Xa films significantly increases as the Xa content increases and exceeds this index of the IPU matrix in 1-5 times ( Table 1 ). The increase of tensile strength for the IPU/Xa films indicates the occurrence of the intermolecular interaction between IPU and Xa. The loss of elasticity is specified by decrease of the specific weight of the flexible IPU segments in polymer composition, which is in agreement with the IR spectroscopic data indicating the hydrogen association of ether oxygen of POTMG with OH groups of Xa and steric hinders effected by volume molecules of Xa.
IR Spectroscopy.
IR spectra of IPU matrix (1), IPU/10Xa (2), and Xa (3) are presented in Figure 1(a) (of flexible segments of the matrix): 1105 cm −1 . The highfrequency shoulder at the peak of the stretching vibrations of NH groups in the IPU spectrum (3375 cm −1 ) indicates the presence of free NH groups. In the spectrum of IPU/10Xa (Figure 1(a) ), this shoulder disappears, and the intensity of hydrogen-bonded NH groups (3314 cm At the same time, the appearance in the spectrum of the IPU/Xa (Figure 1(b) , curve (1)) of the band at 1334 cm −1 , assigned to the C-H bond of CH 2 OH group, with intensity lower than that for the native Xa and absence of the band 1298 cm −1 (Figure 1 (b), curve (2)), indicates the participation of these groups in the formation of a chemical bond with the NCO groups of ionomeric oligourethane.
DMA Results. The temperature dependencies of tan K
and viscoelastic characteristics for the IPU and IPU/Xa films are shown in Figure 2 and Table 2 . The dependence tan - (Figure 2(a) ) for the IPU is typical for segmented polyurethanes: there are two relaxation processes, corresponding to the soft and hard blocks. The maximum in the temperature range of −70 to 10 ∘ b ( = −30 ∘ b) corresponds to the IPU soft blocks' relaxation transition. In the same temperature range, a sharp drop of (Figure 2(b) ) is observed. Sharp peak of tan at 90 ∘ b and sharp drop of higher that 70 ∘ b indicate the existence of hard block in IPU. Such viscoelastic behavior is inherent to many segmented IPU. This is due to the segmental mobility in the hard blocks' microregions (hard domains) and their destruction. The relaxation transition typical for the soft block of IPU is also observed for all IPU/Xa films along with the fixed beginning of the relaxation transition for the hard block (Figure 2(a) ). However, the viscoelastic behavior of the IPU/Xa is significantly affected by incorporation of Xa. The increase of Xa content results in significant lowering of the relaxation peak corresponding to the soft block and in reduction (Table 2) . Thus, 30% of Xa content (IPU/30Xa) leads to lowering of by 20 ∘ C in regard to of IPU. Such changes in relaxation behavior may be caused by three-dimensional Xa molecules which form steric hindrances during the IPU/Xa soft block formation. It leads to its partial destruction and lowering. At the same time, the decrease of specific weight of IPU/Xa soft-segmented part and interaction between the polar groups of the IPU and the OH groups of Xa results in the blocking of flexible polymer chains mobility and, consequently, decreasing tan max . The relaxation transition corresponding to the hard block of IPU/Xa begins at higher temperatures compared to IPU matrix and is characterized by a smoother increase of mechanical loss factor (Figure 2(a) ). Possibly the destruction of hard domains in IPU/Xa is preceded by the gradual destruction of intermolecular hydrogen bonds between the OH groups of Xa and urethane and urea groups of IPU. When Xa content amounts to 30%, the growth of mechanical loss factor is not observed up to 240 ∘ C. Perhaps a significant increase in the proportion of bound urethane groups at such Xa concentration leads to a sharp restriction or complete blocking of segmental mobility in the hard block. The lowintensity relaxation maxima on the temperature dependence of tan indicate the heterogeneity of the IPU/Xa systems and the presence of amorphous microregions with different compositions. Incorporation of Xa results in substantial increase of storage modulus (Figure 2(b) ). Thus, at = 25 ∘ C, the value of the storage modulus for IPU/5Xa is more than 20 times higher than that for the pure IPU. When the content of Xa reaches 30% (IPU/30Xa), the value of storage modulus increases almost in 200 times (Table 2) . Such significant International Journal of Polymer Science 
(1) increase of the storage modulus of Xa-comprising IPUs confirms the presence of chemical and hydrogen bonding between the components. Thus, viscoelastic properties of IPU/30Xa are determined by Xa content and intermolecular interactions between the components.
Acid and Alkaline Hydrolysis.
The presence of Xa in the IPU chain determines the nature of hydrolysis, one of the main factors of the materials' degradation under environmental conditions. The higher the Xa content, the greater the mass loss and the lower the strength and elasticity of the films after hydrolysis (Table 3) ; that is, IPU/Xa films are more susceptible to hydrolytic destruction in comparison with the IPU matrix.
The IPU/Xa (bio)degradation ability was studied by a technique that allows us to simulate the processes taking place under the natural conditions [20] . Samples were incubated in containers with soil of medium biological activity (pH = 6.82, relative humidity: 60%, = 14-25 ∘ C) for a period of 1-4 months [21] . The analysis of the soil's bacterial population has shown the presence of fungi of the following genera: Rhizopus, Aspergillus, and Penicillium.
The rate of degradation was controlled by weight loss of incubated samples through regular intervals. The higher the Xa content, the greater the mass loss of the samples (Table 4) , and within 4 months it reaches 10.2% (IPU/5Xa) and 38% (IPU/30X a), which exceeds the actual Xa content and the specified matrix characteristic. This indicates the possibility of control of destruction rate by changing the component composition.
Soil-born microorganisms (MO) affect the films' properties. They provoke a decrease of physic-mechanical parameters ( / ) after remaining 4 months in the soil: for IPU matrix by 2.8/1.4%, for IPU/5Xa by 50.1/18, 0%, respectively, and for IPU/10Xa and IPU/30Xa; these indices are not available, because the films have lost their integrity. Thus, the presence of Xa promotes biodegradation of polymer materials. Visual assessment of the films after testing in the soil also indicates a sufficiently high degree of samples' damage with MO. The degradation of the samples was confirmed by IR spectroscopy on the example of IPU/10Xa. Figure 3 shows IR spectra of IPU/10Xa before (1) and after (2) incubation into the soil. In the absorption region (1000-1800) cm −1 of the after-ground sample (spectrum 2), a redistribution of the intensities of the bonded 1698 cm −1 and free 1717 cm −1 C=O groups is observed. The appearance of a new band 1683 cm
is associated with the decomposition of COOH groups: the ester group turns into an ether one. In addition, the expanse of the OH-groups' band to the more (3522 cm −1 ) and less (3232 cm −1 ) frequency region is observed. The appearance of a new band 1045 cm −1 is a result of the ether bonds decomposition after sample incubation in the soil.
3.7.
Thermodestruction. The processes of thermal destruction of IPU and IPU/Xa, a comparative analysis of their structure, and the depth of (bio)degradation in the soil were estimated by the PMS method.
Analysis of the temperature dependence of the total ion current of the emission of volatile degradation products of the IPU (Figure 4(a) ) has shown its complete thermal decomposition in two stages with maximum decomposition rates at the temperatures of 250 ∘ C and 350 ∘ C, which corresponds to the decomposition temperatures of hard and soft blocks. The first stage corresponds to the pyrolysis of urethane and urea bonds and the second to the pyrolysis of oligoether fragments [22] . The maximum of the peak of IPU kept in the soil shifts to the lower temperature (220 ∘ C) and is supplemented by a decrease of the intensity of the decomposition peak of hard blocks. The maximum decomposition peak of soft blocks remains at the same temperature of 350 ∘ C; however, the intensity of the total ion current of volatile products is significantly increased. Thus, keeping the IPU films in the soil results in the primary degradation of oligoether component, since it is known [23] that the oligoether fragments are predominantly situated in the IPU surface layers. In the initial IPU/10Xa (Figure 4(b) ), the high intensity of the volatile products' release is observed at the hard blocks' decomposition and is accompanied by the release of water, as well as the following fragments:
, CH 2 CHCO), 71 (CH 2 CHCH 2 CHO), and 73 (OHCCH 2 CHOH)), which are the pyrolysis products of urethane and urea groups. With the increase of Xa content (sample IPU/30Xa), the intensity of release of the volatile products of the hard block decomposition increases (Figure 4(b) (1 ) ). After the incubation into the soil, similar to IPU, a greater intensity of volatile products' release is observed at the decomposition of the soft blocks for both IPU/10Xa and IPU/30Xa. The shift of the maximum (350 ∘ C) is not observed. For the incubated IPU/10Xa and IPU/30Xa samples, the temperature of the maximum intensity of the release of volatile decomposition products of the hard block is shifted towards the lower temperatures, from 230 to 210 ∘ C for IPU/10Xa and from 230 to 200 ∘ C for IPU/30Xa. The dependence of the ion current on temperature for Xa has only one maximum at 250 ∘ C (Figure 4(b) ). The fragments with m/z 18 and 44, corresponding to water and carbon dioxide, have the maximum specific content. It should be noted that there are practically no fragments typical for the degradation of native Xa (m/z 15 (CH 3 ), 17 (OH), 32 (O 2 ), International Journal of Polymer Science and 60 (CH 2 CO 2 H)) among the degradation products of IPU/10Xa and IPU/30Xa, which indicates the chemical binding of Xa. As it follows from the temperature dependence, the destruction of the IPU hard block occurs with higher intensity in comparison with the IPU/10Xa and IPU/30Xa, which may be a result of intra-and intermolecular hydrogen bonding between OH groups of Xa and urethane and urea groups of IPU. Therefore, the destruction of intermolecular hydrogen bonds precedes the destruction of the hard blocks and results in the decrease of the IPU/Xa hard blocks' decomposition intensity. However, the higher the Xa content, the lower the degradation temperature.
X-Ray Analysis.
The presence of a single diffuse diffraction maximum with angular position 2 m = 20,3 ∘ in WAXS patterns of IPU and IPU/5Xa ( Figure 5(a), curves (1, 2) ) shows that these polymers are characterized by short-range order at the translation in expanse of their macrochain fragments.
The average distance ( ) between the centers of macromolecular chain layers of IPU and IPU/5Xa, according to the Bragg equation = (2 sin ) − 1 (where is the wavelength of the CuK radiation = 0,154 nm), amounts to 0.437 nm.
Two discrete diffraction maxima, singlet and multiplet at 2 = 19,3 ∘ and 26,2 ∘ , respectively, appeared against a background of evident asymmetric diffraction peak 2 ≈ 20,6
∘ in WAXS pattern of Xa ( Figure 5 (a), curve (3)), testifying to the amorphous-crystalline structure of Xa.
Nonlinear change of scattering intensity in the range of 2 ∼ 11.2 ∘ -17.0 ∘ is indicated by poorly detected diffraction maximum at 2 ∼ 15,8 ∘ (arrow). This maximum describes the short-range order at the translation in the Xa volume of its side branch fragments.
We evaluated the relative level of crystallinity cr of polysaccharide Xa in accordance with Matthews's method [24] , cr ≈ 20%, and determined effective size L of Xa crystallites using Scherer method [25] , ≈ 18 nm.
The amorphous-crystalline structure of Xa was not detected on the X-ray diffraction pattern of IPU/5Xa and IPU/10Xa ( Figure 5(b), curve (2, 3) ), due to intermolecular interaction between components. Comparison of experimental and calculated additive (when interaction between components is absent) X-ray diffraction patterns of IPU/10Xa ( Figure 5(b), curves (3, 3 ) ) has served as evidence that the absence of Xa crystalline structure phenomenon in IPU/Xa composition is caused by intermolecular interactions between IPU and Xa components.
Calculated additive X-ray diffraction pattern of IPU/10Xa ( Figure 5(b) , curve (3 )) has shown that in case of the absence of components' interaction there is a weak expression of the most intense diffraction peaks (at 2 = 19,3 ∘ and 26,2 ∘ ) that characterize the crystalline structure of Xa. This is a conformation of intermolecular interactions between IPU and Xa which results in suppression of Xa capacity for crystallization.
The invariable intensity and angular position of the amorphous halo (2 ≈ 20,3 ∘ ) of the initial and aged in the soil IPU and IPU/5Xa samples ( Figure 5(a) , curves (1, 1 ) and (2, 2 )) indicate that there is no change in their amorphous structure.
For more complete structural characterization of the initial 13 and aged for 4 months in the soil IPU and IPU/5Xa samples, we study their microheterogeneous structure. SAXS results (Figures 6(a) and 6(b) ) have shown that all studied polymers have microheterogeneous structure. There are the areas of microheterogenity in their volume, the electron density (Δ ) between which is different from zero, Δ = − ⟨ ⟩, where and ⟨ ⟩ are the local and average value of the electron density in two-phase system.
The comparison of the profiles of the initial and aged for 4 months in soil IPU and IPU/5Xa samples has shown that the initial IPU has the lowest scattering intensity as a result of thermodynamic incompatibility between soft and hard IPU units [26] . The sample IPU/5Xa has a slightly higher scattering intensity than the IPU. Even higher scattering intensity and, correspondingly, the value of the electron density contrast have the sample IPU/10Xa. At that the lack of interference maximum on the intensity profiles indicates a disordered placement of microareas of heterogeneity in polymer volume (Figure 6(b) ). Attention is drawn to the fact that exposure of samples to soil for 4 months results in a growth of scattering intensity of both IPU and, particularly, IPU/5Xa. The appearance of the interference maximum 2 ≈ 0,92 ∘ in a form of "shoulder" (Figure 6 (a), curves (3, 4)) indicates the existence of periodicity in distribution of microareas of heterogeneity with different size of local electron density in IPU/5Xa volume. According to the above Bragg equation, the value of period of alternation in the volume of monotype -sized microareas of heterogeneity is 9.6 nm. It should be noted that the increase of the SAXS intensity at the transition from IPU to IPU/5Xa and IPU/10Xa, as well as the result of exposure of the first two samples for 4 months in soil, characterizes the variations of the level of heterogeneity of their structure. To quantify the relative level of heterogeneity of the structure, we calculated the structural parameter "Porod invariant" [27] , the value of which is independent (invariant) of the form of microareas of heterogeneity:
where q is directed magnitude of wave vector s ( = 2 ). This parameter characterizes the integral intensity of Xray scattering by two-phase system and has a direct connection with the quadratic fluctuation of electron density in its volume.
According to calculated values of (Table 5 ), IPU possesses the least level of structure heterogeneity, while IPU/10Xa and IPU//5Xa, which are kept for 4 months in soil, have the largest level of structure heterogeneity.
Another characteristic of microheterogeneous structure of studied systems is the average size of microareas of heterogeneity existing in their volume. The range of heterogeneity was determined by the Ruland method [28] . This parameter is directly related to the average diameter of the microareas of heterogeneity in the two-phase system. It was determined that presence of Xa results in a decrease of the effective size of microareas of heterogeneity both in the initial samples and after 4 months of exposure in soil (Table 4) . Unlike the level of heterogeneity , the transition from IPU to IPU/5Xa and IPU/10Xa causes, in general, the reduction of the range of heterogeneity (Table 4) .
Thus, as a result of X-ray study, Xa has been found to miss its ability to crystallization due to the intermolecular interactions between components in IPU/Xa systems. The increase of Xa content in IPU/Xa systems reduces the size of microareas of heterogeneity. The disappearance of the diffraction maximum (2 ≈ 12,2 ∘ ) after exposure of the sample IPU/5Xa in the soil indicates a change of its amorphous structure as a result of (bio)degradation following a consecutive increase of structure heterogeneity on nanosized level.
Conclusions
New ecologically friendly IPUs were prepared on the basis of the renewable exopolysaccharide Xa. Introduction of Xa allows partially replacing exhaustible oil row materials and improving the strength properties of pure IPU matrix: the tensile strength of IPU/Xa systems is 1-5 times higher compared with IPU. Along with retention of other functional characteristics of the IPU, Xa imparts it a property of (bio)degradation after the end of lifetime that leads to the deep chemical transformations occurring in the IPU/Xa systems. The proven covalent and hydrogen bonding between components ensures the occurrence of destructive processes of the entire system as a whole. With an increase of Xa content, the mass loss of IPU/Xa systems as a result of hydrolytic splitting and degradation in the soil increases and exceeds the actual content of Xa and the value of mass loss of the IPU matrix. The results of PMS, DMA, and Xray scattering indicate that the presence of Xa in polymer macrochain leads to the formation of a new structural organization different from the structure of the IPU matrix due to the chemical bonding between the exopolysaccharide and diisocyanate. The structural and operational properties and degradability of studied polymers are determined by the structure and content of the natural component. Filmforming aqueous polyurethane dispersions on the basis of exopolysaccharide Xa are perspective as biologically active substances in agriculture: immunostimulants and protective coating for seeds and plants; antitranspirants for reducing water scarcity and optimization of the production process of crops in drought conditions; and binders for biologically active substances granulation. The advantages of such material lie in environmentally friendly production technology due to the absence of organic solvent, economy through the use of cheap renewable raw materials, and reducing the harmful impact on the environment through the regulated level of (bio)degradation after the expiration of life time.
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